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BUBBLES
DEFINING THE BUILDING BASIC BLOCKS FOR A U-SPACE SEPARATION
MANAGEMENT SERVICE

This Project Communication, Dissemination and Exploitation Plan is part of a project that has received
funding from the SESAR Joint Undertaking under grant agreement No 893206 under European Union’s
Horizon 2020 research and innovation programme.

Abstract
BUBBLES adhered the H2020 Open Data Research Pilot (ODRP) and hence it will comply the
requirements stemming by the H2020 Guidelines on FAIR Data Management. This document describes
the data that BUBBLES will collect, generate, process and produce and sets up procedures to make
them Findable, Accessible, Interoperable and Re-usable (FAIR).
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1 Introduction
Purpose
The BUBBLES Data Management Plan (DMP) is a formal requirement set up by the European
Commission (EC) to those projects funded by the H2020 program and adhered to the Open Research
Data Pilot (ORDP) set out by the EC in 2016.
The rate of growth of the scientific research production, not only in volume but also in complexity
raises the need of new mechanisms to reuse scholarly data. This need led a variety of stakeholders
involved in the production, dissemination and exploitation of this kind of data to propose the concept
of FAIR data. FAIR is an acronym standing for 'Findable', 'Accessible', 'Interoperable' and 'Reusable'
research data in form of digital assets. The idea behind the FAIR principles is to enable computational
systems to find, access, interoperate and reuse data with the minimum possible level of human
intervention.
The EC is fostering the implementation of the FAIR principles to boost the effectiveness of research
activities through the Open Data Research Pilot in the H2020 research program. In that way, the FAIR
principles serve as a template for lifecycle data management and ensure that the most important
components for lifecycle are covered.
BUBBLES adhered the H2020 Open Data Research Pilot and hence it will follow the requirements
stemming by the H2020 Guidelines on FAIR Data Management [1], which can be summarised as:
• Each project should provide information on:
o the handling of research data during and after the end of the project;
o which data will be collected, processed and/or generated;
o which methodology and standards will be applied;
o whether data will be shared/made open access and;
o how data will be curated and preserved after the project end.
• A Data Summary must be given, presenting:
o the purpose of the data collection/generation and its relation to the objectives of the
project;
o the types and formats of data that the project will generate/collect;
o the re-use of existing data, if any, and how they will be re-used;
o the origin of the data.
Then, the mechanisms to make data findable must be described. This entails the possible use of
metadata, Digital Object Identifiers, naming conventions and search keywords.
The project must then specify which data will make openly available or will license for reuse and how
it will make them accessible, detailing the repository, the access methods and any relevant
documentation.
Data should be interoperable as far as possible. This may include using standard formats, open
software applications or standard data and metadata vocabularies. Provisions should also be made for
data security and recovery, if needed.
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To guarantee the coherence and effectiveness of the data management, BUBBLES has appointed the
Technical Manager responsible for making the documents and data available to third parties external
to the project, whereas the Project Quality Manager will be in charge of the oversight of the data
management internal to the project.
This document is organised as follows:
•
•
•

Section 1 introduces the document and defines the acronyms used in the document.
Section 2 makes an overview of the project.
Section 3 describes how BUBBLES will collect and process data, related to the project
objectives, as well as summarises the different kind of data that the will be used throughout
the project.
Section 4 outlines the guidelines on FAIR data management and addresses how BUBBLES will
ensure that the data generated or used follow the principles of FAIR data management.
Section 5 focuses on the resources BUBBLES has allocated to implement the FAIR principles
according to the H2020 Open Research Data Pilot guidelines.
Section 6 deals with data security and recovery matters.
Section 7 addresses ethical issues concerning data management.
Section 8 focuses on other aspects of data management.
Section 9 lists the references used in the document.
Section 10 contains the Annex 1, which contains the list of public deliverables.

•
•
•
•
•
•
•

Acronyms
The acronyms in

Acronyms

Definition

AI

Artificial Intelligence

AN

Availability Note

BVLOS

Beyond Visual Line of Sight

CGS

Control Ground Station

ConOps

Concept of Operations

CNS

Communications, Navigation and Surveillance

CORUS

Concept of Operation for European UTM System

DAA

Detect and Avoid

DMP

Data Management Plan

doi

digital object identifier

EASA

European Union Aviation Safety Agency

EC

European Commission

EOCVM

European Operational Concept Validation Methodology

EU

European Union
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FAIR

Findable, Accessible, Interoperable and Re-usable

FRA

Functional Requirements Assessment

H2020

Horizon 2020 (2014 to 2020 EU Research and Innovation
programme).

IPR

Intellectual Property Rights

MEDUSA

MEthoDology for the U-space Safety Assessment

OPA

Operational Performance Assessment

ORDP

Open Research Data Pilot

OSA

Operational Safety Assessment

OSED

Operation Service and Environment Definition

PBCNS

Performance Based Communication, Navigation and Surveillance

PBCS

Performance Based Communication and Surveillance

RPIC

Remote Pilot in Charge

RPS

Remote Piloting Station

RWC

Remain well Clear

SAI

Safety Societal Acceptance Indicators

SEM

Separation Error Model

SJU

SESAR Joint Undertaking

SO

Sub-Objectives

SORA

Specific Operational Risk Assessment

SPR

Safety and Performance Requirements

SRM

Safety Reference Material

TLS

Target Level of Safety

UA

Unmanned Aircraft

UAS

Unmanned Air Systems/ Unmanned Aircraft Systems

UAV

Unmanned Air Vehicle/Unmanned Aerial Vehicle

USSP

U-space Service Providers

VFR

Visual Flight Rules

VLL

Very Low Level

VLOS

Visual Line of Sight

VRC

Vertical Rate of Climb

VRD

Vertical Rate of Descent

WP

Work Package

Table 1-1 are used across the text.
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Acronyms

Definition

AI

Artificial Intelligence

AN

Availability Note

BVLOS

Beyond Visual Line of Sight

CGS

Control Ground Station

ConOps

Concept of Operations

CNS

Communications, Navigation and Surveillance

CORUS

Concept of Operation for European UTM System

DAA

Detect and Avoid

DMP

Data Management Plan

doi

digital object identifier

EASA

European Union Aviation Safety Agency

EC

European Commission

EOCVM

European Operational Concept Validation Methodology

EU

European Union

FAIR

Findable, Accessible, Interoperable and Re-usable

FRA

Functional Requirements Assessment

H2020

Horizon 2020 (2014 to 2020 EU Research and Innovation
programme).

IPR

Intellectual Property Rights

MEDUSA

MEthoDology for the U-space Safety Assessment

OPA

Operational Performance Assessment

ORDP

Open Research Data Pilot

OSA

Operational Safety Assessment

OSED

Operation Service and Environment Definition

PBCNS

Performance Based Communication, Navigation and Surveillance

PBCS

Performance Based Communication and Surveillance

RPIC

Remote Pilot in Charge

RPS

Remote Piloting Station

RWC

Remain well Clear

SAI

Safety Societal Acceptance Indicators

SEM

Separation Error Model

SJU

SESAR Joint Undertaking

SO

Sub-Objectives

10

DATA MANAGEMENT PLAN
ED. 01.00.00

SORA

Specific Operational Risk Assessment

SPR

Safety and Performance Requirements

SRM

Safety Reference Material

TLS

Target Level of Safety

UA

Unmanned Aircraft

UAS

Unmanned Air Systems/ Unmanned Aircraft Systems

UAV

Unmanned Air Vehicle/Unmanned Aerial Vehicle

USSP

U-space Service Providers

VFR

Visual Flight Rules

VLL

Very Low Level

VLOS

Visual Line of Sight

VRC

Vertical Rate of Climb

VRD

Vertical Rate of Descent

WP

Work Package
Table 1-1 Acronyms List
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2 Project overview.
Project abstract.
The interest on civil application of Unmanned Air Systems (UAS1) set off at the beginning of the decade.
To exploit the possibilities of this market and transform expectations into wealth and increased
wellbeing for the European Union (EU) citizens the access to the Very Low Level airspace (VLL2) must
be granted to a crowd of UAS. To this end, the EU, through the SESAR Joint Undertaking (SJU) research
programs, has develop the concept of U-space, a set of services relying on a high level of digitalisation
and automation of functions, allowing that a large number of UAS can operate in the VLL in a safe and
efficient manner. The separation management is a key enabler for the safe and efficient use of the VLL
airspace. Safety will be higher as the separation between UAS increases. Efficiency will be higher as
the number of UAS increases. These two sentences entail a paradox: they are as true as opposite.
Therefore, it will be necessary to reach a compromise to achieve reasonable levels of safety and
efficiency. This is the aim of the separation management services for UAS. BUBBLES will provide the Uspace with separation management capabilities. To this purpose, BUBBLES will develop algorithms to
compute safety separation distances and will explore the use of Artificial Intelligence (AI) techniques
to maintain them, according to the actual performance of all the involved systems. The project will
also outline a methodology to draft requirements for these systems to ensure the safety of the UAS in
the VLL.

Project objectives.
BUBBLES aims at defining and validating a concept to provide separation management within the Uspace, as stated in the project main objective:
To formulate and validate a Concept of Operations (ConOps3) for a U-space advanced (U3) ‘Separation
Management service’, defining the basic blocks from which this service will be built and describing how
they must be assembled and operated.
To simplify the achievement of the main objective, BUBBLES split it in several Sub-Objectives (SO). The
rest of the section describes the specific link between each of them and the data used and/or produced
by BUBBLES.

1

In this document the term Unmanned Air System/Unmanned Aircraft System (UAS) will be used to refer to an
Unmanned Aircraft (UA), also known as Unmanned Air Vehicle/Unmanned Aerial Vehicle (UAV) and everything
else needed to make it work, including the Remote Piloting Station (RPS), also known as Control Ground Station
(CGS).
2

VLL refers to the portion of airspace below that normally used by Visual Flight Rules (VFR).

3

A ConOps is “The tool used by an organisation to establish the desired approach it wishes to take to realise a
system or service. The ConOps documents the high-level decisions and agreement that define the approach and
the organisational structure needed to put that approach into operation” [2].
12
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SO 1. To formulate and validate using a preliminary prototype the European Operational Concept
Validation Methodology (EOCVM) V1 maturity [3] of a ConOps for the provision of separation
management by the U-space so that a quantitative Target Level of Safety (TLS) is achieved within any
particular volume designated in the VLL.
SO 2. To assign pairwise separation minima and maintain them so that the expected TLS is achieved
taking into account the available U-space services and the performance of the Communication,
Navigation and Surveillance (CNS) systems therein.
SO 3. To specify Required U-space CNS Performance requirements, as well as compliance assessment
methods so that the benefits of the Performance Based Communication, Navigation and Surveillance
(PBCNS) concept can be extended to the U-Space.
SO 4. To draw guidelines and Safety and Performance Requirements (SPR) for the AI based systems so
that they can be to assign and maintain separation minima to achieve greater levels of safety and
efficiency in the VLL.
SO 5. To draft SPR and compliance assessment methods for the services providing environmental
information relevant to the provision of separation minima and methods for UAS.
SO 6. To efficiently disseminate the project results in order to make both the involved stakeholders
and general public aware of the enhancement on UAS operation safety attained through the U-space,
specially by means of the Separation Management service, thus contributing to promote the public
embracement of this technology and the related applications.

BUBBLES Conceptual architecture.
To achieve the objectives stated in Section §2.2 BUBBLES will set up the conceptual architecture shown
in Figure 1 in order to assign and maintain separation minima and methods.
U-SPACE
In-flight

Pre-flight
Weather
Information

Dynamic
Capability
Management

Strategic
Conflict
Resolution

Operation
Plan
Management

Interface

Risk Analysis
Assistant

Safety Man.
Assistant

CONOPs

OSED

ATM

Traffic
Information

Control
Systems

Tracking

Control
Systems

Tactical
Conflict
Resolution

Legal
Recording

Monitoring

Accident/
Incident
Reporting

ATM
CNS
Monitoring

Weather
Information

Geospatial
Information

Separation Management
Services defined by BUBBLES

Functional and SPR defined by BUBBLES

Services supporting BUBBLES

Interoperability defined by BUBBLES

Figure 1. Initial conceptual architecture of BUBBLES.
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The BUBBLES U-Space Separation Management service will be composed of four core technical blocks
and one standardisation block. The technical blocks are:
1. The generic ConOps Catalogue. This Catalogue will contain a set of ConOps describing from
the users’ perspective how the UAS operations will occur in a given scenario, with risk levels
linked to them following standard procedures like SORA.
2. The generic OSED Catalogue. This Catalogue will contain the OSEDs defined by the project
attached to the particular scenario.
3. The Risk Analysis Assistant. This block will correlate a given flight plan with the ConOps stored
in the generic ConOps Catalogue assigning to it the risk level of the most similar one, using
algorithms developed by the BUBBLES project.
4. The Safety Management Assistant. This block will receive the risk level assigned to the flight
plan by the Risk Analysis Assistant and will assign pair-wise separation minima to be applied
to the rest of the flights in the scenario and the methods that must be used to maintain them,
taking into account the performance of the CNS systems.
Moreover, the U-Space Separation Management service will require an enabling additional block: the
CNS Monitoring tools defined by BUBBLES to monitor the actual performance of the CNS systems in
the VLL volume where a particular Operation Plan will take place.

BUBBLES functional baseline
The BUBBLES functional baseline consists of the following sequence of operations (in bold italics we
highlight those U-space services that are going to be used as defined by [4] with updated interfaces
while normal bolds characters are used to denote those components or U-Space services that are going
to be defined or updated by the project; see Figure 1 for details).
During the U-space airspace designation.
1. The Competent Authority will perform a risk assessment using the BUBBLES Risk Analysis
Assistant for a given airspace taking into account the type, complexity and density of traffic,
location, altitudes or heights and airspace classification to obtain an initial generic ConOps
catalogue that will be further extended with the SORA assessments performed to issue
Operational Authorisations.
2. The Competent Authority will perform a safety assessment using the BUBBLES Safety
Management Assistant to establish the minimum list of U-space services and their safety and
the applicable SPR, as well as the performance requirements for the CNS systems and, if
necessary, the required UAS capabilities. This information will lead to define the applicable
OSED that will have to be used by the UAS operators and the U-space Service Providers (USSP)
to tailor their aircrafts capabilities and U-space services performance to the particular U-space
airspace.
In the pre-flight phase:
1. The Operation Plan Management service will pass to the Risk Analysis Assistant the
Operation Plan description previously introduced by the UAS operator, including the operation
area co-ordinates.
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2. The Risk Analysis Assistant will correlate the Operation Plan description received with those
stored in the generic ConOps Catalogue and will assign a risk level to it.
3. The Safety Management Assistant will receive the operation area co-ordinates along with the
assigned risk level from the Risk Analysis Assistant and, taking into account the available CNS
systems in the operation area and their performance (provided by the CNS Monitoring tools),
will assign one generic OSED out of those stored in the generic OSED Catalogue. The assigned
OSED, including the applicable separation minima and methods, will be sent to the Operation
Plan Management service.
4. The Operation Plan Management service, depending on the separation method associated to
the received OSED, will send the updated Operation Plan:
a) to the Strategic Conflict Resolution service (in case of ‘procedural’ separation) and, after
any possible conflict (including with manned aircrafts in Zu volumes) has been resolved, to
the UAS Control system.
b) to the ATM systems through the Procedural Interface to ATM, for UAS flying in Za5
volumes.
c) to the UAS Detect and Avoid (DAA) system (in case of ‘tactical self-separated’ separation);
the Remain well Clear (RWC) function will be provided by the DAA capability using the
situational awareness obtained from the Traffic Information service or generated onboard, or
d) to the U-Space Monitoring service (in case of ‘tactical ground-based’ separation).
In the in-flight phase:
1. In case of ‘tactical ground-based’ separation, the Monitoring service will receive the tracks
obtained by the Tracking service (including the UAS/manned aircrafts eID), as well as the data
provided Geospatial and Weather Information services and will check that all the UAS
maintain the assigned separation minima. If it detects a potential infringement of the
separation minima, it will issue an alarm to the Tactical Conflict Resolution service and will
monitor whether the conflict is resolved.
2. The Tactical Conflict Resolution service will issue separation instructions to resolve any
potential conflict detected, while preserving the overall safety level. The separation
instructions will be timestamped and sent to the Legal Recording service, as well as the eID of
the involved UAS/manned aircraft.
3. In case of ‘tactical self-separation’, the UAS DAA Remain Well Clear system will check that the
UAS maintains the assigned separation minima based on the situational awareness obtained
from internal or external sources. If it detects a potential infringement of the separation
minima, it will issue separation instructions to the UAS Control system.
4. In both cases (ground-based and self-separated), if the Monitoring service detects that the
applied separation instructions are not effective, a timestamped report with the eID of the
involved UAS/manned aircraft will be sent to the Accident/Incident Reporting service.
5. Also in both cases (ground-based and self-separated), the CNS Monitoring tools will monitor
the CNS systems performance and will issue warnings to the Safety Management Assistant
when the values of the performance metrics change. Upon the received performance
information, it will assess whether the separation minima and/or methods need to be updated
in order to preserve the overall safety level. If so, the updated values will be sent to the UAS
DAA system or to the Monitoring service through the Operation Plan Management service.
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6. In case that a performance degradation is detected in the surveillance systems, the values of
the performance metrics will be fed into the Tracking service so that the tracking algorithms
can be adapted to them.
Optionally, the separation minima assigned by BUBBLES may be used by the Dynamic Capability
Management service to dynamically optimise the use of the VLL.

Validation of the BUBBLES ConOps.
The conceptual architecture described in Figure 1 and the functional description summarised above in
this Section will be validated by means of a proof-of-concept which combines numerical (simulated)
and experimental validation activities. BUBBLES will follow an iterative validation process. An initial
concept will be formulated and tested in a first validation phase. Then, the consortium will review the
concept in light of the results of the first validation phase and will update it accordingly. The updated
concept will be tested again in a second phase of validation activities which results will support the
final concept formulation. Figure 2 summarises the approach applied by BUBBLES to formulate, refine
and validate the concept of operations to provide separation management in the U-space.
Concept

Initial concept formulation
Concept update and refinement

Figure 2 Outline of the BUBBLES concept formulation and validation.
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3 Data summary
This Section provides an overview of the data that will be collected and produced by BUBBLES
throughout the project, including details about:
•
•
•
•
•
•

The purpose of the data collection/generation and its relation to the objectives of the project.
The types and formats of data that the project will generate/collect.
The re-usability of any existing data.
The origin of the data.
The expected size of the data.
The data utility.

Collection and generation of data in BUBBLES related to the
project objectives.
BUBBLES targets at defining and developing a ConOps of a separation management service for UAS
operating in the U-space. To this end, BUBBLES will address the following issues:
1. How to define the applicable separation minima and methods within an airspace volume to
achieve a specific TLS, taking into account the expected traffic and the U-space services
available therein and the actual performance of the CNS systems supporting them.
2. How to ensure that any particular UAS operating within a U-space airspace maintains the
applicable separation minima throughout all the flight.
BUBBLES has organised the work that is going to execute to dealt with both questions in eight Work
Packages (WP), as shown in Figure 3 and described below it.

Figure 3 Project Work Break Down

WP1. Project management and coordination. This WP includes the activities needed to coordinate
the work between the partners of the BUBBLES project and to provide the liaison between the project
management board and the SJU to facilitate the technical and financial monitoring and assessment.
17
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WP2. Concept definition and refinement. This WP focuses in the formulation and refinement of a Uspace Separation Management service concept following a systematic and iterative approach.
Formally speaking, a service is a means to deliver value to a group of customers (users of the service)
providing them an expected result. To this end, the WP will develop the ‘Strategy’ and ‘Design’ phases
of the service life cycle as defined in [5], adapted to the particularities of a U-space service.
WP3. ConOps definition and classification. This WP will define and classify detailed ConOps according
to risk levels, covering all the factors that can affect to their classification and will define how this
information shall be stored and organised.
WP4. Separation minima and methods. This WP aims to develop and validate algorithms to set
separation minima and criteria to assign separation methods and to generate separation instructions
when necessary. The algorithms developed in this WP will then be integrated in the mock-up systems
in WP5.
WP5. Concept validation. This WP is focused on validating the concept using a proof-of-concept and
following an evolutionary approach. The proof-of-concept to validate the BUBBLES concept will be
conducted in 2 steps using a mock-up made of two segments: an air segment (UAS) and a ground
segment (a web based platform that will be the access point to the required U-space services). The
mock-up will include a communication system providing a ‘testable’ communication service (i.e.
providing a service level specified in term of performance metrics).
WP6. Safety, Performance and Interoperability. This WP aims to draft requirements for the systems
supporting the separation management. These requirements will be attached to a set of generic
Operational Service and Environment Definition (OSED) that will be defined so that they cover all the
generic ConOps identified in previous WP.
WP7. Performance monitoring. The concept of Performance Based Communication and Surveillance
(PBCS) implies the need of monitoring the systems performance. This WP will deal with the
development and validation of specifications for the monitoring tools required to assess the
compliance of the CNS supporting the provision of the U-space Separation Management service.
WP8. Communication, Dissemination and Exploitation. This WP targets the communication,
dissemination and exploitation of the results of the project, with emphasis in contributing to promote
the social acceptance of the UAS technology and applications. The last six months of the project will
be exclusively focused on communication and dissemination activities.
The rest of the section describes in detail how BUBBLES will address the two aforementioned
questions, which data the project will need, how they are going to be obtained. Moreover, the data
that are going to be generated in order to achieve the objectives will be also described. All these data
will be described and related to the project objectives within framed boxes.
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3.1.1 Defining separation minima and methods guaranteeing a specified TLS.
Mission
#1

ConOps
F1

F2

Fn

OSED #n

Mitigation
measures

#2

U-space
services

SORA

Env. Descript. (∑ConOps)
Separation mode

Generic
ConOps

Separator
(predetermined/delegated)

TLS

Separation minima
Required U-space SPR.

GenConOps
#1
#2

F1

F2

RxP specs for PBCNS.

Fk
MEDUSA +AI

Communication
Navigation
Surveillance

N

Figure 4. BUBBLES approach to assign separation minima and methods.

The BUBBLES approach to assign separation minima and methods is described in Figure 4. The process
starts by defining a catalogue of generic ConOps describing the possible operations from the UAS
operator point of view. There is a huge (potentially infinite) number of possible UAS missions, thus a
simplification is needed in order to make the problem affordable. The generic ConOps developed by
BUBBLES will be detailed enough as to support a Specific Operational Risk Assessment (SORA) risk
assessment but they will be mission agnostic. Moreover, the ConOps will describe the operation of
pairs of UAS so that the hazard of mid-air collisions between UAS can be taken into account. Once the
Catalogue is defined, SORA assessments will be conducted for each ConOps, leading to a risk based
classification.
•

Catalogue of generic ConOps, classified according the operational risk obtained by applying the
SORA methodology. The catalogue will include two kinds of ConOps: single UAS ConOps and pairwise ConOps describing possible encounters between couples of UAS. These data are obtained in
WP3 and are used to achieve SO 1, SO 2, SO 3, SO 4 and SO 5.

A Target Level of Safety (TLS) will be stated in terms of a frequency of collision, which will take into
account the severity of an accident in the particular area of operation. The frequency of collision will
be computed using the Reich-Marks model, and is composed of three terms:
(1 − 𝜖)
𝐹(𝑐𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛) = 𝐹(𝑐𝑜𝑛𝑓𝑙𝑖𝑐𝑡)
×⏟
𝑃(𝑐𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛⁄𝑐𝑜𝑛𝑓𝑙𝑖𝑐𝑡) × ⏟
⏟
𝑎𝑙𝑙 𝑣𝑠 𝑎𝑙𝑙

𝑝𝑎𝑖𝑟𝑤𝑖𝑠𝑒

𝑚𝑖𝑡𝑖𝑔𝑎𝑡𝑖𝑜𝑛

To compute the frequency of conflicts, the individual ConOps will be taken into account, whereas for
determining the probability of collision in case of conflict, pairwise ConOps will be used. Artificial
Intelligence (AI) will be applied to obtain both 𝐹(𝑐𝑜𝑛𝑓𝑙𝑖𝑐𝑡) and 𝑃(𝑐𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛⁄𝑐𝑜𝑛𝑓𝑙𝑖𝑐𝑡). In a first stage
(the training phase), the algorithms have to be trained to produce the separation minima and methods.
BUBBLES will need a set of data (sampled UAS trajectories in a given scenario) to train the AI
algorithms, as shown in Figure 5. To this purpose, the project will generate sets of mission-based
sampled trajectories for many UAVs flying in the chosen scenario. These trajectories will be used to
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train the collision risk model by obtaining the collision risk as a function of the specified TLS and
separation minima and methods.

Separation minima
and methods

BUBBLES
collision risk
model

Collision risk

Figure 5 BUBBLES collision risk model training.

The scenario will be configured on the basis of the ConOps developed in WP3 by means of a local
environment description, including the effect of strategic and tactical mitigation measures as well as
that of the U-space services provided therein, as shown in Figure 6. The sampled trajectories will be
obtained using an OpenAI-gym Multi-UAV environment

Figure 6 Generation of data for training the BUBBLES collision model.

Once the algorithms have been trained (i.e. in the deployment phase), they will be used to assign pairwise separation methods to any UAS that will operate in that particular scenario (i.e. airspace volume),
for a given TLS using a separation management algorithm, as shown in Figure 7.
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TLS

BUBBLES
separation
managment
algorithm

Figure 7 BUBBLES separation management algorithm in the deployment phase.

•
•
•
•
•

Scenarios (aggregation of ConOps, local environment description, mitigation measures, TLS). These
data will be generated in WP4 using as input the ConOps defined in WP3 and will be used to
achieve objectives SO 2 and SO 3.
OpenAI-gym Multi-UAV environment to generate sampled trajectories. This environment will be
developed in WP4 using as input the ConOps defined in WP3 and will be used to achieve objectives
SO 2 and SO 3.
Sampled trajectories. These data sets will be generated in WP4 and will be used to achieve
objectives SO 2 and SO 3.
Collision risk model (AI algorithm trained to calculate the collision risk for a given scenario and for
a given separation minima and method). These data sets will be generated in WP4 and will be used
to achieve objectives SO 2 and SO 3.
Separation management algorithm (AI algorithm trained to assign separation minima and methods
for a given scenario and for a given TLS). These data sets will be generated in WP4 and will be used
to achieve objectives SO 2 and SO 3.

The separation minima and methods assigned by the BUBBLES separation management service will
comply with the specified TLS provided the U-space services considered as risk mitigation measures in
the process of obtaining them perform ‘properly’. To define what ‘properly’ precisely means in this
context it is necessary to establish a set of performance requirements for these services in nominal
conditions. Moreover, since deviation from the nominal performance (e.g. due to a failure in a system
supporting the provision of a particular U-space service) will increase the risk of incidents (loss of
separation) or accidents (collisions), it is also necessary to establish safety requirements that must be
met to ensure a reasonably low risk level even in case of failure.
To establish SPR for the U-space services supporting the Separation management service in the Uspace, BUBBLES will follow an approach inspired by the one used to develop SPR for a generic
surveillance system in the EUROCAE ED261 (GEN-SUR-SPR). This approach will start by defining a
catalogue of generic OSEDs. Each OSED will contain assumptions on the environment where the
separation management service based on the ConOps developed in WP3 (including the traffic density
and applicable minima and methods), assumptions on the external systems supporting the provision
of separation management and a set of operational requirements. From this operational
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requirements, BUBBLES will conduct a Functional Requirements Assessment (FRA) to derive a set of
functional requirements describing how the separation management will be provided.

FRA

OSED

Functional
requirements

OPA

SEM

Operational
requirements

OSA

Performance objectives
& requirements

Safety objectives
& requirements

Nominal
performance metrics

Non-nominal
safety metrics

Figure 8. Overview of the performance and safety assessment process conducted by BUBBLES.

On the other hand, BUBBLES will conduct an Operational Performance Assessment (OPA) related to
determine the nominal performance objectives and nominal performance requirements of the Uspace separation management service. Afterwards, BUBBLES will carry out an Operational Safety
Assessment (OSA) aimed at determining non-nominal safety objectives and non-nominal
performance requirements for the U-space separation management service. Both assessments will be
based on the OSED provisions. Lastly, BUBBLES will use a Separation Error Model (SEM) focusing on
the position data item and complementing the analyses in both the OPA and the OSA.
Once the performance and safety objectives and requirements are defined, BUBBLES will categorise
them in a set of nominal and non-nominal metrics. All the process is summarised in Figure 8.
BUBBLES will use The MEthoDology for the U-Space Safety Assessment (MEDUSA) developed by
Concept of Operation for European UTM System (CORUS) on the base of SESAR Safety Reference
Material (SRM) adopting a broader approach which addresses both the positive contribution of USpace to aviation safety (success approach), as well as the effect of U-Space failures on the collision
risk (failure approach). BUBBLES will use the MEDUSA success approach to conduct the FRA and the
OPA and the MEDUSA failure approach to conduct the OSA. The SEM will consist of an AI base
algorithm similar to the collision risk model developed in WP4 to determine the effect of separation
minima and methods on the collision risk, but including now in the analysis the effect of nominal and
non-nominal U-space services performance. The SEM will also take into account weaknesses due to
non-realistic assumptions of existing models and lack of data to create realistic models in UAS
scenarios. Figure 9 outlines the concept of the separation error model.
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Collision risk

Figure 9 BUBBLES separation error model.

BUBBLES will capture all the definition of generic OSEDs, as well as the SPR requirements derived by
applying MEDUSA and the SEM to them in an OSED/SPR/INTEROP document. Moreover, BUBBLES will
elaborate guidelines to apply the methodology developed by the project to local environments,
providing guidance on how set the requirement values appropriate to the local system, how to
evaluate the actual system performance how to account for local system variations BUBBLES
assumptions.
•
•
•
•

OSED/SPR/INTEROP document setting performance and safety objectives, as well as nominal and
non-nominal performance metrics. This document will be developed at WP6 and will be used to
achieve SO 4 and SO 5.
OpenAI-gym Multi-UAV environment to generate sampled trajectories. This environment will be
developed in WP4 using as input the ConOps defined in WP3 and will be used to achieve objectives
SO 4 and SO 5.
Sampled trajectories. These data sets will be generated in WP6 and will be used to achieve
objectives SO 4 and SO 5.
Separation Error Model (AI algorithm trained to calculate the effect of nominal and non-nominal
U-space performance on the collision risk for a given scenario and for a given separation minima
and method). This model will be generated in WP6 and will be used to achieve objectives SO 4 and
SO 5.

The compliance with the thresholds set up in the SPR for the nominal and non-nominal metrics derived
from the performance and safety objectives and requirements must be monitored so that the
separation management service can adapt the applicable separation minima and methods to the
actual performance of the U-space services and systems supporting it. To this end, BUBBLES will define
methods to compute the performance metrics and will propose a functional description of a tool to
demonstrate compliance with the applicable thresholds. BUBBLES will develop an Availability Note
(AN), including the specification and validation of the performance monitoring tool and will
implement and test a mock-up according to this AN. Most of the performance metrics are defined as
statistical averages and standard deviations obtained from large input data sets collected during the
daily operation of the U-space services and systems under test. Since there is a lack of actual data,
BUBBLES will test the mock-up the validation will use simulated data sets obtained using the trajectory
generator developed by BUBBLES.
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•
•
•

Availability Note of the performance monitoring tool. This document will be developed in WP7 and
will be used to achieve SO 2.
A mock-up of a performance monitoring tool developed and tested according to the performance
monitoring tool. This prototype will be developed in WP7 and will be used to achieve SO 2.
Data sets used to test the performance monitoring tool and the results of tests. This data set will
be developed in WP7 and will be used to achieve SO 2.

All the algorithms developed in WP4 and WP6 and WP7 have been validated using trajectories
obtained from the trajectory generator developed by BUBBLES in WP4. These algorithms will be
further validated using a more realistic approach in WP5. This validation will make use of the capability
of the Indra platform to reproduce UAS flights in a specific scenario given a flight plan. BUBBLES will
develop a mock-up based on this platform to validate the collision risk model, the separation
management algorithm, the separation error model and the performance monitoring tool.

BUBBLES
mock-up
Figure 10 Use of the BUBBLES mock-up to validate algorithm by means of simulations

Figure 10 summarises how BUBBLES will perform simulations using the mock-up. The input data will
consist of the ConOps describing the operations that will be simulated and the configuration
parameters that will define the simulation scenario. The output data will consist of reports in
alphanumeric or graphic format. BUBBLES will develop an Application Note describing the mock-up
design and how it will be tested before using it to validate the algorithms.
•
•

•

Availability Note of the software mock-up used to validate the algorithms and the performance
monitoring tool. This document will be developed in WP5 and will be used to achieve SO 1, SO 2,
SO 3, SO 4 and SO 5.
A mock-up developed and tested according to the Availability Note. This prototype will be
developed in WP7 and will be used to achieve SO 2. This document will be developed in WP5 and
will be used to achieve SO 1, SO 2, SO 3, SO 4 and SO 5. The source code of the mock-up will not
be made public because it re-use components of the Indra UTM platform, which are property of
Indra and cannot be disclosed.
Scenarios used to test the algorithms and the results of tests. This data set will be developed in
WP5 and will be used to achieve SO 1, SO 2, SO 3, SO 4 and SO 5.

3.1.2 Assigning and maintaining separation minima and methods.
BUBBLES will validate the architecture and functional baseline described in Sections §2.3 and §2.4,
respectively, as well as the components described in Section §3.1.1 by means of test flights and a using
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a software mock-up supported by the Indra UTM platform [6]. BUBBLES will develop an Application
Note describing the mock-up design and how it will be tested before using it to validate the ConOps.
Test flights will be conducted in controlled environment simulating realistic operations to validate the
conceptual architecture and the functional description detailed in Sections §2.3 and §2.4, respectively.
In this case, the input data will consist of sets of configuration parameters defining each test scenario.
The output data will consist of reports in alphanumeric or graphic format. Figure 11 summarises the
validation process supported by the mock-up.

BUBBLES
mock-up
Figure 11 Use of the BUBBLES mock-up to validate algorithm by means of flight tests.

•
•

•
•

Application note for the test flight analysis. The application note will be developed in WP5 and
will be used to achieve SO 1.
Mock-up for test flights execution. The mock-up note will be developed in WP5 and will be
used to achieve SO 1. The source code of the mock-up will not be made public because it reuse components of the Indra UTM platform, which are property of Indra and cannot be
disclosed.
Test flights scenarios. These scenarios will be created in WP5 and will be used to achieve SO 1.
Test flights data. These data will be obtained in WP5 and will be used to achieve SO 1.

Types and formats of data that the project will generate and
collect.
The source code of the mock-up will not be made public because it re-use components of the Indra
UTM platform, which are property of Indra and cannot be disclosed.
To describe the data that BUBBLES will use and produce in a comprehensive way they have been
grouped by WP. As described in Section §3.1, BUBBLES will collect and/or generate date in WP3, WP4,
WP5, WP7 and WP8. WP1, WP2 and WP6 will produce documents. As a general rule, all data described
in this section will be publicly available subject to the copyright licensing described in Section §4.2.
This section describes the data used by the project in each WP, its type and size, as well as how they
the project will generate and use them and will identify who can be interested in using those data
outside the project. Due to the lack of data in the area of the project, BUBBLES will not re-use data.
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WP3. ConOps definition and classification.
This WP will produce a catalogue of generic ConOps, classified according the operational risk obtained
by applying the SORA methodology. The catalogue will include two kind of ConOps: single UAS ConOps
and pair-wise ConOps describing possible encounters between couples of UAS.
Each single UAS ConOps will consist of a table with the following fields:
Field

Description

Id

Consecutive capital letter identifying the ConOps.

Volume

Type of airspace volume, according to CORUS classification (X,Y,Zu,Za) [4].

Category

European Union Aviation Safety Agency (EASA) category according to [7]
(open, specific, certified).

Air risk

According to SORA (C: Controlled, UC: Controlled, AE: Airport environment).

Ground risk

Population density according to [8] (Densely populated areas, Intermediate
density areas, Thinly populated areas), Critical infrastructure, Controlled
ground area

Operation type

Visual line of sight (VLOS), Beyond visual line of sight (BVLOS).

Type of drone

Multirotor, fixed wing.

Dimension and mass

Maximum dimension (in m) and Maximum take-off mass (in kg).

Cruise speed

In m/s.
Rate or turn/stationary.

Manoeuvrability

Vertical rate of climb (VRC).
Vertical rate of descent (VRD).

Payload risk

High risk, medium risk, low risk, no risk.

Trajectory type

Line, free flight, grid pattern.

Flight mode

Remote Pilot in Charge (RPIC), automatic, autonomous

Monitoring service

YES/NO

Tracking service

YES/NO

Tactical separation

YES/NO
Table 3-1 Data used to describe the generic ConOps for single UAS.

The pair-wise ConOps include the same information as the single one, plus one numerical Id and the
list of U-space services available (out from the CORUS catalogue [4]).
After defining the ConOps, BUBBLES will conduct individual SORA analysis for each of them and the
results will be summarised in a table with the following fields shown in Table 3-2.
The ConOps have been generated ex-novo by the BUBBLES team on the basis of its operational and
industrial experience. The criteria to define the ConOps was to represent operations typical of an
advanced (U3) U-space environment, according to [9] and [10].

26

DATA MANAGEMENT PLAN
ED. 01.00.00

Field

Description

Id

Consecutive capital letter identifying the ConOps.

Scenario

Integer number identifying the par-wise ConOps where the individual ConOps
is used.

Initial GRC4

According to SORA (from 1 to 10).

Mitigated GRC

According to SORA (from ARC-a to ARC-d).

Initial ARC5

According to SORA (from ARC-a to ARC-d).

Mitigated ARC

According to SORA (from ARC-a to ARC-d).

Initial SAIL6

According to SORA (SAIL I to SAIL VI).

Mitigated SAIL

According to SORA (SAIL I to SAIL VI).
Table 3-2 Data used to classify the generic ConOps for pair-wise.

BUBBLES has defined 13 single UAS ConOps and 9 pair-wise ConOps that will be described in a pdf
document and stored in a data base occupying a few kB.
The primary use of this data within the project is to support the collision risk analysis that is going to
be carried out in WP4 and the separation error analysis that is going to be performed in WP6, as well
as the validation activities to be conducted in WP5.
Beyond the temporal scope of the project, the ConOps can support the task of Competent Authorities
in the sense of EASA Opinion 01-2020 [11] when performing the risk assessment prior to designate an
airspace volume as a U-space airspace. The ConOps can be also used by USSPs offering support to UAS
operators to maintain separation minima in order to prevent collisions.
WP4.Separation minima and methods.
BUBBLES will develop an OpenAI-gym Multi-UAV environment to generate sampled trajectories to
validate the collision models developed by the research team, each of them consisting of timestamped position vectors. Taking into account the small Target Level of Safety figures, BUBBLES there
will need a large amount of data (many thousands of trajectories) occupying a few GB of computer
memory.
The primary use of these data is to validate the BUBBLES collision risk model and the results of collision
rate as a function of the separation minima and the UAS ConOps.
BUBBLES will publish the risk model in open access journals and will also publish the data used to
obtain the separation minima so that researchers external to the project can reproduce the results,
thus generating confidence on the project results and enhancing the impact of the project outcomes.

4

SORA Ground Risk Class.

5

SORA Air Risk Class.

6

SORA Specific Assurance and Integrity Level.
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Moreover, BUBBLES will make publicly available the OpenAI-gym Multi-UAV environment so that
researchers external to the project can use it to generate data for their own purposes.
WP5. Concept validation.
This WP is focused on validating the concept using a proof-of-concept and following an evolutionary
approach. The proof-of-concept to validate the BUBBLES concept will be conducted in 2 phases using
a mock-up made of two segments: an air segment (UAS) and a ground segment (a web-based platform
that will be the access point to the required U-space services). The mock-up will include a
communication system providing a ‘testable’ communication service (i.e. providing a service level
specified in term of performance metrics).
In validation phase I BUBBLES will first validate in nominal conditions the algorithms developed in WP4
following a more sophisticated approach. To this end, the team will exploit the capability of the Indra
UTM platform to generate 4D trajectories given a flight plan defining the UAS operator and to check
potential conflicts. The input data for this analysis are flight plans with the following content:
Field

Description
Take-off area (in WGS84 coordinates).

Trajectory definition:

Landing area (in WGS84 coordinates).
Linear trajectory (waypoints in WGS84 coordinates).
Polygons (defined by vertices in WGS84 coordinates).

Selection of Drone

Multirotor, fixed wing.

Mission type

Transport, surveillance, mapping, leisure.

Operation type

BVLOS, VLOS, EVLOS

Mission category

Open, experimental, specialized, certified.

Ground speed

In m/s.

Height

In meters.

Endurance

In hours.

Take –off interval time

UTC initial time, UTC final time.

Table 3-3 Data items in a flight plan used by BUBBLES in the validation activities using the Indra UTM
platform.

The trajectory generator will create a 4D trajectory for each flight plan, consisting of a vector of timestamped positions taking into account the drone dynamics and the ground profile. Afterwards, the 4D
trajectories will be processed to detect separation events and collisions.
BUBBLES will generate many thousands of flight plans that will occupy several MB of memory. The 4D
trajectories will occupy several GB of memory.
Also in validation phase I, BUBBLES will validate the capability of a U-space services platform to assign
and maintain separation minima. To this purpose, a series of test flights will be executed in a
segregated airspace. The input data for the validation will be the flight plans of the individual flights.
The data generated during the validation process will be the telemetry (time-stamped position and
identity) data generated by the UAS and the system logs, occupying several MB of computer memory.
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In the validation phase II, BUBBLES will validate the separation error model used to assess the effect
of actual performance of communication and surveillance systems on collision risk, as well as the ability
of a U space services platform to maintain a safe separation in the event of degradation of the
performance of these systems. The approach followed to perform this analysis is the same as in the
validation phase I, thus the type and size of the data generated in the phase II will be almost the same.
The primary use of data generated during WP5 will be the validation of the BUBBLES concept.
However, these data can be used by researchers interested in modelling the flight of drones. There is
a lack of information in this area, thus the data generated by BUBBLES can produce a high impact on
the involved stakeholders (both industrial and academic).
WP6.Safety, Performance and Interoperability.
This Work Package aims to draft requirements for the systems supporting the separation management.
The requirements will be derived from an Operational Performance Assessment (OPA) and a Safety
Performance Assessment (OSA) supported by a Separation Error Model linking the communication and
surveillance systems nominal and non-nominal performance to separation events (loss of separation).
The OPA, OSA and SEM will be applied taking into account the conditions described in a set of
Operational Service and Environment Definition based on the catalogue of generic ConOps developed
by WP3. The specific content of the each OSED is shown in Table 3-5 and their size will be of a few kB.
The keying used in Table 3-5 is shown in Table 3-4.
Label

Description

ENV.ASS#i

Assumptions on the environment.

EXT.ASS#1

Assumptions on the external systems.

OR#1

Operational requirements.

FR.ASS#1

Functional requirements assumptions.

FR#1

Functional requirement (traceability to the OR
from which the FR is derived is also provided).

PO#i

Performance objectives.

SO#i

Safety objectives.

PR#i

Performance requirements derived from
performance objectives.

SR#i

Safety requirements derived from safety
objectives.

NPM#i

Nominal performance metrics derived from
performance requirements.

n-NPM#i

Non-nominal performance metrics derived
from safety requirements.
Table 3-4 Keys used in Table 3-5.
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Field

Description
ENV.ASS#1
⋮

Assumptions

ENV.ASS#1
EXT.ASS#1
OSED

⋮

External systems assumptions

EXT.ASS#1
OR#1
⋮

Operational requirements

OR#N

Functional requirements assumptions
Functional requirements
Functional requirements

FR.ASS#1

OR#i

⋮

⋮

FR.ASS#N

OR#j

FR#1

OR#i

⋮

⋮

FR#N

OR#j
NPM#1

PR#1
NPM#K
NPM#P
PO#i (1≤i≤N)

⋮

⋮
NPM#Q
NPM#M

PR#N

⋮
NPM#N
n-NPM#1

SR#1
n-NPM#K
n-NPM#K+1
SO#i (1≤i≤N)

⋮

⋮
n-NPM#Q
n-NPM#Q+1

SR#N

⋮
n-NPM#N

Table 3-5 Content of a generic OSED.
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The separation error model will be validated following an approach similar to that used to validate the
collision risk model. Therefore, WP6 will generate similar data (several thousands of sampled
trajectories each of them made up of positions drones) and will have a similar size (a few GB).
The primary use of the data generated by WP6 will be the validation of the separation error. BUBBLES
will make these data publicly available to allow researchers to reproduce the results obtained by the
project and to use them in their research activity.
WP7. Performance monitoring.
The concept of PBCS implies the need of monitoring the systems performance. This Work Package will
deal with the development and validation of specifications for the monitoring tools required to assess
the compliance of the CNS supporting the provision of the U-space Separation Management service.
This WP will use simulated trajectories to validate the performance monitoring tools developed
therein. The approach used to validate the tools will be similar to that used to validate the collision
risk and separation error models. Therefore, WP7 will generate similar data (several thousands of
sampled trajectories each of them made up of positions drones) and will have a similar size (a few GB).
The primary use of the data generated by WP7 will be the validation of the performance monitoring
tool. BUBBLES will make these data publicly available to allow researchers to reproduce the results
obtained by the project and to use them in their research activity.
WP8. Communication, Dissemination and Exploitation.
BUBBLES will produce multimedia material (videos, slide presentations, leaflets, roll ups, posters, etc.)
for promotional use. This material will be made available in the BUBBLES website (www.bubblesproject.eu).
As part of the communication strategy, BUBBLES will adapt the Social Acceptance Indicators (SAI)
developed by the CORUS project [12] to assess how the provision of separation management in the Uspace positively affects the social perception of UAS operations. The SAI are obtained by analysing the
results of a survey. BUBBLES will produce a survey focused on the perception of the effect of the
separation management on the safety of the UAS operations.
The results of the survey will consist of a table containing the answers and their size will be of a few
kB.
The content and results of the survey will be published by BUBBLES to support conclusions of the
analysis.
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4 FAIR DATA
Making data findable, including provisions for metadata
4.1.1 Making BUBBLES deliverables and documents findable, including
provision for metadata.
Each deliverable published by BUBBLES will have a unique identifier according to the project document
coding system described in Table 4-1 below.
Field

Description

Project acronym

BUBBLES

Underscore

"_"

A 4 characters string

"DX.Y", being X the WP where the deliverable is produced and X the number
assigned to the document in the WP deliverable list.

Underscore

"_"

Deliverable name as it
appears in the GA annex B.

e.g. "Data Management Plan"

Underscore

"_"

Edition number

Ed_XX.YY.ZZ", edition number; ZZ starts from 00 and is updated during the
internal production/revision process; YY starts from 00 and is updated for
successive releases; XX starts in 01 when the deliverable is submitted to SJU
for revision and is updated in the event the deliverable is rejected and has to
be completely rebuilt.
Table 4-1 Description of BUBBLES deliverable name fields.

An example of deliverable naming is:
“BUBBLES_D1.2_Project Management Plan_Ed_00.01.01”
That means that the document named "Project Management Plan" is the second deliverable in the
WP1 list of deliverables. The edition number means that this version is the second one sent to SJU
during the first revision round.
Deliverables that have been defined in the Grant Agreement Annex B (Description of Action) as Public
(they are listed in Appendix A) will be provided in pdf format through a publicly accessible area of the
project website (www.bubbles-project.eu) once SJU reviews and approves them. Even though the
deliverables are made public, the BUBBLES consortium will retain the copyright.
Regarding the deliverables that are confidential and their content is restricted, BUBBLES will publish
an executive summary of in the project website after the SJU acceptance.
There is no standard metadata in the disciplines related to BUBBLES. Therefore, BUBBLES will create
general metadata for the deliverables including:
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•
•
•
•
•

Name of the document, according to the naming conventions described in Table 4-1.
Authors: the BUBBLES consortium.
A short description of the document.
Keywords.
Copyright information.

BUBBLES will use, at least, the following keywords defined by the Publications Office of the European
Union:
•
•

Themes: Air and space transport
Subject: air safety, air space, air traffic control, new technology.

Other keywords related with other disciplines can also be linked according to the specific content of
each deliverable (e.g. Artificial Intelligence or Communication networks).
In addition to the website, the deliverables will be also stored in Zenodo and the metadata associated
to them will be stored using standards described in Zenodo and accessible via standardized APIs (such
as OAI-PMH). Moreover, each document will receive a unique digital object identifier (doi) which will
be added to the metadata.

4.1.2 Making data findable, including provisions for metadata
BUBBLES will generate a number of data sets in order to support the validation of the overall concept
of separation management in the U-space, as well as some of its components. The data types that
BUBBLES will produce and make available are summarised in Section §3.1. The project has a strong
commitment to making data easy to find, accessible to the public, and usable. To this purpose,
BUBBLES will use the systematic naming convention described in Table 4-2.
Field

Description

Project acronym

BUBBLES

Underscore

"_"

A 2 characters string

"DSX", being X the WP where the data set has been generated.

Underscore

"_"

Deliverable name as it
appears in the GA annex B.

e.g. "Data Management Plan"

Underscore

"_"

Date

"YYYY-MM-DD-X", being YYYY the year, MM the month and DD the day when
the data set was generated and X an integer that will be used to distinguish
between different data sets generated on the same day.
Table 4-2 Description of BUBBLES data sets name fields.

In addition to use a consistent naming schema, related keywords will be attached to each data set to
make it easier to find.
As a general rule, all the data sets generated by BUBBLES will be stored in Zenodo in standard formats
(e.g. DOC, XLS, CSV, OPI, TIFF, JPG, PPT, PDF, EPS, MAT, etc.) and the metadata associated to them will
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be stored using standards described in Zenodo and accessible via standardized APIs (such as OAI-PMH).
Each data set stored in Zenodo will receive a unique digital object identifier (doi) which will be added
to the metadata.
Although the data set will be public, the BUBBLES consortium will retain the copyright. The conditions
to license data to users will be defined when uploading them to Zenodo and will be included in the
metadata.

Making data openly accessible
As stated before in this document, as a principle BUBBLES will grant open access to all data generated
by the project, although this policy will be reviewed whenever new Intellectual Property Rights (IPR)
arise throughout the project.
Open datasets will be uploaded to the open access repository Zenodo (https://zenodo.org). Zenodo
will act as a trusted repository with high quality storage and guaranteed backup and resilience,
ensuring BUBBLES data preservation, while accessibility is guaranteed as it meets interoperability
standards that ensure content accessibility through DRIVER, OpenAIRE+, Google Scholar, etc.
These data resources will be stored in standard formats (e.g. DOC, XLS, CSV, OPI, TIFF, JPG, PPT, PDF,
EPS, etc.), therefore, no specific tools will be needed to access them. The metadata associated to
datasets will be stored using standards described in Zenodo and accessible via standardized APIs (such
as OAI-PMH). Links to the open datasets will be available in the BUBBLES website.
The OpenAI-gym Multi-UAV environment developed in WP4 to generate the sampled trajectories that
are going to be used in the risk model will be made available through the platform created by the
H2020 project A European AI On Demand Platform and Ecosystem.
Deliverables will be published in the project website (www.bubbles-project.eu) and uploaded to
Zenodo in pdf format.
The BUBBLES consortium has a strong commitment to make publicly accessible all the scientific and
technical papers published in journals and conference proceedings, as described later in Section §4.4.

Making data interoperable
All data generated by BUBBLES and made publicly available by the consortium will be processed using
standard mathematical software tools (e.ge. Matlab®) or algorithms written in worldwide used
languages (e.g. python, java, C++) that are going to be available in Zenodo. The metadata associated
to them will be stored using standards described in Zenodo and accessible via standardized APIs (such
as OAI-PMH).
Depending on the application domain, BUBBLES will apply the following standard vocabulary:
•
•

For aeronautical terms, the EUROCONTROL ATM Lexicon and the SESAR dictionary (available
at ext.eurocontrol.int/lexicon).
For other technical words, the Institute of Electrical and Electronics Engineers (IEEE) Thesaurus
and Taxonomy (available at https://www.ieee.org/publications/services/thesaurus-accesspage.html).
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Increase data re-use (through clarifying licenses)
BUBBLES will make publicly available all the deliverables declared as public in the Annex B (Description
of Action) to the Grant Agreement status and made publicly available as soon as they are approved by
SJU. These documents will be licensed under Creative Commons Attribution-ShareAlike 4.0
International (CC BY-SA 4.0). No other restrictions for re-usage by third parties than the ones imposed
by this license are envisaged.
BUBBLES will make publicly accessible data and processing algorithms supporting publishable scientific
results after the publication of the corresponding paper. These documents will be licensed for scientific
purposes under Creative Commons Attribution-ShareAlike 4.0 International (CC BY-SA 4.0).
No other restrictions for re-usage by third parties than the ones imposed by this license are envisaged.
No embargo will be applied to public deliverables or data.
Data published in the project website will be available during 2 years after the project ends. Data
stored in Zenodo will be available for a period of over 20 years ((Zenodo general policies v1.0, available
at https://about.zenodo.org/policies/).
With regard to access to project results published in scientific journals or conference proceedings,
BUBBLES will do its best to ensure the widest access by publishing them gold open access. Those results
that cannot be published golden access will be published green access with the shortest embargo
period possible. Golden access papers will be immediately accessible through the publisher's digital
library and will be also made available by the authors in Zenodo and in other institutional repositories
(e.g. the UPV repository RiuNet). Author's versions of the green access papers will be stored in Zenodo
and in other institutional repositories (e.g. the UPV repository RiuNet).
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5 Allocation of resources
Regarding personnel costs, most of the effort needed to make BUBBLES data FAIR has been accounted
for in the overall effort of each project WP. Specific effort has been allocated to WP8 to execute data
management activities. Costs associated with open access to research (e.g. website hosting, gold
access fees) data can be claimed as eligible costs of any Horizon 2020 grant and BUBBLES has allocated
resources to this purpose in its budget. The hosting of data in Zenodo is free of charge.
The responsibilities for making the data accessible has allocated to the WP leads coordinated by the
Technical Manager.

Provisions for internal data management
BUBBLES partners will exchange internal data among them, including deliverable drafts, internal
reports, minutes of meetings and teleconferences, agendas, templates, presentations, administrative
documents and files of any kind in general. BUBBLES will use the Microsoft application SharePoint so
as to facilitate information exchange, storage, ordering and retrieval as needed in the project.
SharePoint will be used as the common document repository of the project and is already configured
by the website administrator. The BUBBLES site in SharePoint has been already created and is being
actively used by all consortium members for information exchange. This collaborative tool and relevant
storage structure is consortium confidential with restricted access. The cost of using SharePoint is
covered by the UPV academic Office365 license. All members of the consortium share the
responsibility of using the SharePoint site to distribute updated versions of all the internal documents,
under the oversight of the Project Quality Manager.
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6 Data security
The BUBBLES webpage is hosted at www.doominio.com, which uses servers equipped with SSD hard
drives in RAID 10 configuration. Therefore, data are protected even in case of a hard drive crash. The
hosting company guarantees four daily backups of the data stored in its servers using the R1Soft (see
https://www.doominio.com/hosting/caracteristicas-tecnicas/copias-de-seguridad).
Regarding the data stored in Zenodo, "All data files are stored in CERN Data Centres, primarily Geneva,
with replicas in Budapest. Data files are kept in multiple replicas in a distributed file system, which is
backed up to tape on a nightly basis" (Zenodo general policies v1.0, available at
https://about.zenodo.org/policies/).

37

DATA MANAGEMENT PLAN
ED. 01.00.00

7 ETHICAL ASPECTS
BUBBLES has no ethical issues to address.
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8 Other
BUBBLES will not gather, store, process or publish personal data. Therefore, the EU General Data
Protection Regulation it is not applicable to BUBBLES Data Management Plan.
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10 Annex 1 List of public deliverables
Deliverable name

Lead beneficiary

Due date

D1.4 V1 Final Data Pack7

UPV

31/10/2022

D1.5 Final Project Report

UPV

31/12/20228

D1.6 Progress report nº2

UPV

31/12/20229

D.2.1 Concept Formulation

UPV

30/04/2022

D.3.1 Catalogue of Generic ConOps

EUROCONTROL

30/11/2020

D4.1 Algorithms for the analysing the collision risk

UNIROMA

30/11/2020

D4.2 Guidelines to implement separation minima
and methods

UNIROMA1

31/12/2020

D.5.1 Concept Validation Test Plan (CVALP)

Indra

31/03/2022

D5.2 Availability Note for BUBBLES mock-up10

Indra

31/03/2022

D5.4 Exploratory research validation report

Indra

30/04/2022

D.6.1 Catalogue of Generic OSEDs

EUROCONTROL

31/03/2021

D6.2 Required Performance Specification for UAS
PBx

EUROCONTROL

31/03/2021

D6.3 SPR & Implementation guidelines for the AI
separation systems

EUROCONTROL

31/03/2021

D6.4 SPR for weather and geospatial information
systems

EUROCONTROL

31/03/2021

D6.5 INTEROP requirements

EUROCONTROL

30/04/2022

D7.1 Availability Note for the xPM Tool11

UC

31/10/2021

D.8.1 Data Management Plan

UPV

31/10/2020

7

The V1 Final Data Pack comprises: the OSEDs (D6.1), the SPR (D6.2, D6.3 and D6.4) and INTEROP (D6.5)
developed in WP6, along with the ‘Initial Validation Plan (VALP)-V2’, defining the validation roadmap for phase
V2 and the initial ‘Cost-Benefit Analysis (CBA)’, developed ad-hoc in WP1.
8

This deliverable was originally expected by the 31/08/2022. The date has been updated to agree with the CA.

9

This deliverable was originally listed as the second release of D1.3, but according to the instructions received
from SJU regarding the deliverable management in STELLAR, a new deliverable has been defined.
10

Document describing how the different parts of the mock-up shall be implemented, interconnected and
validated (including the records and the analysis of the results of the validation).
11

Document describing how the CPM and SMP Tools shall be designed and implemented, as well as the results
of the validation tests.
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